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Aims and objectives
To determine the magnetic resonance imaging (MRI) characteristics of normal and
pathologic cervical discs and adjacent vertebral bodies in young patients with non-
traumatic cervical pain and patients who suffered from a minor vertebral contusion.
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Methods and materials
Cervical spine MRI examinations of patients with neck pain without trauma (n=86) and
after a minor trauma (n=506) were investigated ( Table 1 on page 4 ). Investigated
parameters were: Modic changes, uncovertebral joint arthrosis, disc herniation, annular
fissures, high intensity zones (HIZs), the position of the center of the nucleus pulposus,
disc height, signal intensity of the nucleus pulposus ( Table 2 on page 5 , Fig. 1 on
page 4 ).
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Images for this section:
Table 1: Characteristics of the trauma and non-trauma group.
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Fig. 1: Mid-sagittal T2-weighted image of the cervical spine with measurements of the
disc height and signal intensity of the nucleus pulposus.
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Table 2: Overview of the different recorded parameters. NP: nucleus pulposus, HIZ: high
intensity zone.
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Results
Signal intensity of the nucleus pulposus
In the non-traumatic group (age 18-36 y) the SI of the NP decreased at all levels with
increasing age ( Fig. 2 on page 10 ). This finding was significant at levels C2-C3, C6-
C7 and C7-T1.
In the trauma group, the SI of the NP decreased significantly at all levels with increasing
age.
Literature supports that disc dehydration and degeneration is common in young and
asymptomatic patients [1-4].
Disc height
In the non-traumatic group, the height of the disc space increased from C2-C3 to C6-
C7, with exception of C3-C4, which was higher than C2-C3 and C4-C5. C7-T1 was lower
than C6-C7. The mean height of C5-C6 and C6-C7 was higher than in the trauma group.
In the trauma group, the mean height of the disc space was the lowest at C5-C6. The disc
space between C3 and C4 was higher than C2-C3 and C4-C5 ( Fig. 3 on page 10 ).
The height of the discs decreased significantly with increasing age at levels C5-C6 and
C6-C7 and we reported a higher disc space at level C5-C6 and C6-C7 in the younger
non-traumatic group compared to the trauma group. This can be explained by the fact
that degeneration sets in first at level C5-C6 [4-7].
Annular fissures and HIZ
Of 3036 reviewed discs in the trauma group, 340 (11.20%) had an annular fissure or HIZ.
Annular fissures were most present at level C5-C6 and C6-C7 ( Table 3 on page 10
). HIZs were most prevalent at levels C4-C5 and C5-C6.
All HIZ were found at the caudal part of the annulus ( Fig. 4 on page 11 ). This
could be due to traction forces, which are stronger at the caudal part of the annulus in
a hyperflexion trauma.
Discs with HIZs had a higher mean height than discs without HIZs in the trauma group
(not significant). This may suggest that discs can tear first and degenerate later. This
does not exclude that sometimes discs dehydrate without fissure of the annulus. It can
also raise the question whether higher discs are more susceptible for annular fissures.
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Herniation
In the trauma group, an extrusion was present in 9.4% of all discs and in 117 (41.34%)
patients at the time of their first scan. Protruded and extruded discs were most prevalent
at level C5-C6 and C6-C7. Paramedian extrusions occured most frequently (64.5%),
followed by median extrusions (24.4%), foraminal extrusions (9.8%) and sequestrations
(1.3%) ( Table 3 on page 10 , Fig. 5 on page 12 ).
The database contained 6 cases without extrusion or protrusion on the first MRI
examination after the trauma, and in which a disc extrusion developed between 2 and
107 months after the trauma.
We are to our knowledge the first to report that the height of extruded discs was not
significantly different compared to discs without extrusion. We assume the volume of
expulsed content in an extruded disc is too low to provoke a decrease in height.
There was no relation between scoliosis and the location of an extrusion. Out of 13
patients, 46.15% had an extrusion at the side of the convexity of their scoliosis, 30.77%
had an extrusion at the concave side and 30.77% had a median extrusion. It is our opinion
that in scoliosis the extrusion can occur at the convex part where extrusion forces might
be higher but can also occur at the concave part where compression forces may extrude
the nucleus pulposus.
Sixteen patients (18 imaging studies, some patients had multiple follow-up imaging
studies) (age: 26-55y), representing 6.27% of all extruded discs, showed volume
decrease of the extruded part of the disc ( Fig. 6 on page 12 ). In only 4 patients (age:
40-49y) there was a complete resorption of the extruded part .
Modic changes in adjacent vertebrae
In the trauma group, Modic changes were most prevalent at level C5-C6 and C6-C7 (
Table 3 on page 10 , Fig. 7 on page 13 ).
The height of discs with adjacent Modic I changes was significantly lower at levels C3-C4
and C6-C7 compared to discs without Modic I changes. The height of discs with adjacent
Modic II changes was significantly lower at levels C4-C5 and C5-C6 compared to discs
without Modic II changes.
We found a lower disc height in adjacent Modic I and II changes than without Modic
changes. Two studies [8, 9] described a correlation between Modic changes and
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degeneration but to the best of our knowledge, no other study performed precise
measurement of disc height in patients with Modic changes.
The age of the patients with Modic changes (mean= 43.9y) was significantly higher than
patients without Modic changes (mean= 41.5y).
Uncovertebral arthrosis
In the trauma group, uncovertebral arthrosis was most prevalent at levels C5-C6 and
predominantly bilaterally ( Table 3 on page 10 ).
The age of patients with uncovertebral arthrosis (mean= 44.6y) was significantly higher
than those without uncovertebral arthrosis (mean= 39.7y).
The height of the disc with uncovertebral arthrosis was lower than without uncovertebral
arthrosis at all levels and significant at levels C3-C4 to C6-C7. To our knowledge, no
other study ever measured disc height on MRI imaging in the presence of uncovertebral
arthrosis and our finding can be explained by frequent combination of disc degeneration
and uncovertebral arthrosis [10, 11].
Position of the nucleus
In both non-traumatic and trauma group, the most prevalent position of the center of the
nucleus pulposus was in the middle at all levels. At levels C2-C3 and C3-C4, the second
most prevalent position was posteriorly to this middle point and anteriorly at the other
levels ( Fig. 8 on page 14 ).
We did not encounter any study describing the position of the center of the nucleus in the
cervical spine. Our study revealed minor cervical trauma does not influence the position
of the center of the NP.
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Images for this section:
Fig. 2: a) Hydrated disc. b) Dehydrated disc. Sagittal T2-weighted images.
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Fig. 3: Mean disc height in the trauma group (left) and the non-traumatic group (right).
The height of the disc space increased from C2-C3 to C6-C7, with exception of C3-C4,
which was higher than C2-C3 and C4-C5 (green line). In the trauma group level C5-C6
is lower due to degeneration (purple line).
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Table 3: Prevalence of annular fissures (AF), high signal intensity zone (HIZ), protrusion,
extrusion, Modic changes and uncovertebral arthrosis in the cervical spine.
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Fig. 4: a) HIZ at level C5-C6 b) Annular fissure at level C6-C7. Sagittal T2-weighted
images.
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Fig. 5: Median protrusion at level C5-C6. Axial and sagittal T2-weighted images.
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Fig. 6: Evolution of a herniated disc at level C3-C4 and C5-C6 over several years.
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Fig. 7: a) Modic I. b) Modic II. Sagittal T2-weighted and T1-weighted images.
Page 13 of 17
© Department of Radiology, Ghent University Hospital, University of Ghent / Belgium
2018.
Fig. 8: a) Anterior position of the center of the nucleus pulposus, b) Median position of the
center of the nucleus pulposus, c) Posterior position of the center of the nucleus pulposus.
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Conclusion
We found previously unreported findings:
• All HIZs are present at the caudal part of the annulus
• Discs with a HIZ have no reduced height
• There is no correlation between scoliosis and the location of extrusions
• Discs with uncovertebral arthrosis or adjacent Modic changes have reduced
height
• Extrusion does not influence the disc height
• Minor cervical trauma has no influence on the position of the center of the
nucleus pulposus
We also confirm previously published findings:
• The signal intensity of the nucleus pulposus decreases with aging, even in
young and healthy patients
• Degenerative pathology is most prevalent at level C5-C6.
Page 15 of 17
Personal information
Charlotte Van Langenhove, MD
Department of Radiology, Ghent University Hospital, Ghent University, Belgium
E-mail: van.langenhove.charlotte@gmail.com
Thiebault Saveyn, MD
Department of Radiology, Ghent University Hospital, Ghent University, Belgium
E-mail: thiebault.saveyn@ugent.be
Lennart Jans, MD, Phd, Professor of Radiology
Department of Radiology, Ghent University Hospital, Ghent University, Belgium
E-mail: lennart.jans@ugent.be
Koenraad L. Verstraete, MD, PhD, Professor of Radiology and Academic Chief of the
Department of Radiology
Department of Radiology, Ghent University Hospital, Ghent University, Belgium
E-mail: Koenraad.Verstraete@UGent.be
Page 16 of 17
References
1. Chen C et al. Quantitative T2 magnetic resonance imaging compared to
morphological grading of the early cervical intervertebral disc degeneration:
an evaluation approach in asymptomatic young adults. PLoS One. 2014.
2. Siivola SM, Levoska S, Tervonen O, Ilkko E, Vanharanta H, Keinanen-
Kiukaanniemi S. MRI changes of cervical spine in asymptomatic and
symptomatic young adults. Eur Spine J. 2002;11(4):358-63.
3. Nakashima H, Yukawa Y, Suda K, Yamagata M, Ueta T, Kato F. Abnormal
findings on magnetic resonance images of the cervical spines in 1211
asymptomatic subjects. Spine (Phila Pa 1976). 2015;40(6):392-8.
4. Okada E et al. Aging of the cervical spine in healthy volunteers: a 10-year
longitudinal magnetic resonance imaging study. Spine. 2009.
5. Resnick D. Diagnosis of bone and joint disorders. 4th ed ed. Philadelphia ;
London: W. B. Saunders; 2002.
6. Abdulkarim JA et al. Magnetic resonance imaging of the cervical spine:
frequency of degenerative changes in the intervertebral disc with relation to
age. Clin Radiol. 2003.
7. Friedenberg ZB et al. Degenerative Disc Disease of the Cervical Spine. J
Bone Joint Surg Am. 1963.
8. Hayashi T, Daubs MD, Suzuki A, Phan K, Shiba K, Wang JC. Effect of
Modic changes on spinal canal stenosis and segmental motion in cervical
spine. Eur Spine J. 2014;23(8):1737-42.
9. Sheng-yun L, Letu S, Jian C, Mamuti M, Jun-hui L, Zhi S, et al. Comparison
of modic changes in the lumbar and cervical spine, in 3167 patients with and
without spinal pain. PLoS One. 2014;9(12):e114993.
10. Hartman J. Anatomy and clinical significance of the uncinate process and
uncovertebral joint: A comprehensive review. Clin Anat. 2014.
11. Tubbs RS et al. Analysis of the uncinate processes of the cervical spine: an
anatomical study. J Neurosurg Spine. 2012.
Page 17 of 17
